INTRODUCTION
Lactate dehydrogenase (LDH), a cytoplasmic enzyme in most tissues and organs, catalyses the interconversion of pyruvate, which is the final product of glycolysis, to lactate with accompanying interconversion of NADH and NAD + . Abnormal extracellular appearance of LDH, which is detectable in the serum and used for detection of cell or tissue damage, was reported as an ominous outcome marker in a large number of clinical conditions, [1] [2] [3] [4] including severe infection and sepsis, malignancies, acute myocardial infarction, and liver diseases such as cirrhosis and metastatic carcinoma of the liver. In addition, abnormal high levels of serum LDH have also been demonstrated to correlate with cardiovascular mortality of long-term arsenic exposure. 5 Metabolic syndrome (MetS), which is an integrated concept that asserts that a common cluster of disorders including abdominal obesity, impaired fasting glucose, elevated blood pressures (BPs) and dyslipidaemia, are predictive for type 2 diabetes and atherosclerotic diseases. 6 In the third National Health and Nutrition Examination Survey III (NHANES III), MetS prevalence in US adults increased with age and was highly prevalent. 7 It is generally accepted that MetS is composed of several risk factors for cardiovascular complications. Lakka et al 8 
have demonstrated that cardiovascular and allcause mortality in Finnish men with MetS
Strengths and limitations of this study ▪ The study used the nationwide population-based data set. ▪ The study explored the impact of serum lactate dehydrogenase (LDH) levels on all-cause mortality in the US general population with metabolic syndrome. ▪ Serum LDH levels were collected at only one point during the follow-up period.
was significantly increased. Similar findings were reported in a previous study of NHANES II. 9 However, few studies have addressed the association between allcause mortality in MetS and the level of serum LDH. This prompts us to investigate the correlation between serum LDH and all-cause mortality risk in individuals with MetS using the NHANES III data.
MATERIALS AND METHODS Study population
We selected adults with MetS aged between 20 and 59 years in the NHANES III study, which represented a multistage stratified investigation of the US population living in households during 1988-1994. 10 Demographic information was collected through a structured home interview and accompanied by a series of physical examination and blood sampling at a mobile examination centre. The NHANES III study was executed in accordance with the Declaration of Helsinki and approved by the National Center for Health Statistics (NCHS) Institutional Review Board after obtaining the written informed consent of participants before starting the study.
Definition of MetS
MetS, which included ≥3 of the following components, was based on the revised National Cholesterol Education Program's Adult Treatment Panel III. 11 MetS was diagnosed at baseline for all the adult participants. The first component of MetS was raised waist circumference, which was defined by waist circumference>102 cm in men and >88 cm in women. The second component of MetS was elevated BP, which was defined by systolic BP≥130 mm Hg or diastolic BP≥85 mm Hg. The third component of MetS was elevated serum fasting glucose, which was defined by serum fasting glucose≥100 mg/dL (5.6 mmol/L). The fourth component of MetS was raised serum triglycerides (TGs), which was defined by serum TGs≥150 mg/dL (1.7 mmol/L). The fifth component of MetS was reduced serum high-density lipoprotein cholesterol (HDL-C), which was defined by HDL-C<40 mg/dL (1.03 mmol/L) for men and <50 mg/dL (1.3 mmol/L) for women.
Definition of LDH tertiles group
Serum LDH was measured at baseline for all the adult participants. We determined the LDH tertiles of study groups with MetS and chose 65-149, 149-176 and 176-668 U/L as the cut-off value for grouping. Patients were then divided into three groups (highest, middle and lowest, below and above cut-off level, respectively).
Follow-up data on all-cause mortality
The NHANES III study also contained detailed mortality information and follow-up data from the time of study participation. The follow-up data on all-cause mortality, NHANES III Linked Mortality File, were provided by the NCHS according to the probabilistic matching between National Death Index death certificate records and NHANES III participants. The follow-up data on allcause mortality of the NHANES III study were from 1988 to 2006. 12 Exclusion criteria of participants Among these populations, eligible participants with incomplete data for the serum LDH measurement, household interview, or laboratory and clinical examinations were excluded. Moreover, in order to minimise the confounding effect, we excluded participants with liver disease (level of serum aspartate aminotransferase (AST) or alanine aminotransaminase>40 U/L) or bone disease (level of serum alkaline phosphatase>117 U) at baseline.
Data analysis
All statistical procedures and analyses were implemented using SPSS V.18 (SPSS, Inc, Chicago, Illinois, USA). The analytic data were executed by the complex samples procedure to incorporate sampling weights and prevent incorrect estimates of variance. Quantitative parameters were indicated as the values of mean and SD, while qualitative data were presented as the values of number and percentage. Demographic characteristics were compared using the independent t-test or Wilcoxon rank-sum test for continuous variables and the χ 2 test for discrete variables. Two-sided p values of <0.05 were considered to indicate significance. Binary logistic regression analysis was performed for the predictive factors of all-cause mortality. Survival analysis was performed to examine the association of serum LDH with all-cause, cardiovascular and cancer mortality. Kaplan-Meier survival curves were plotted to ascertain the relationship of serum LDH in participants with MetS and subsequent mortality. Associations between serum LDH tertiles and end points were evaluated in multivariable Cox proportional hazard models. Covariates adjustment was performed by an extended model approach: Model 1 was not adjusted for other variables; model 2 was further adjusted for age, race, sex and body mass index; model 3=model 2+serum C reactive protein (CRP), serum total bilirubin, serum creatinine, serum aspartate transaminase, serum uric acid, smoking, cardiovascular disease (CVD), cancer.
RESULTS
The study population consisted of 3872 adults with MetS and 7516 adults without MetS in the NHANES III database with serum LDH levels. The clinical characteristics of the study population by serum LDH tertiles are summarised in table 1. Participants in the MetS group with higher tertiles of serum LDH levels were inclined to have higher age, higher systolic and diastolic BP, higher waist circumference, higher serum HDL-C level, higher serum uric acid level and higher serum AST level. Participants in the MetS group with higher serum LDH 
DISCUSSION
Some prior studies have reported that serum LDH is a distinguishing clinical biomarker of severe underlying diseases, including solid and haematological malignancies, sepsis and severe infections. 13 Moreover, several inflammatory diseases were also correlated with serum LDH. Recent research has highlighted the correlation between serum LDH levels and the long-term effect of chronic arsenic exposure on CVD. 5 However, the link between serum LDH levels and all-cause mortality in patients with MetS has not been comprehensively evaluated. In this study, we examined the hypothesis that the relationship of serum LDH with all-cause mortality can be explained by the associations of both of these factors with MetS. Most notably, this is the first study, to the best of our knowledge, to demonstrate the relationship between serum LDH and all-cause mortality in the US population with MetS. We found that the link of serum LDH with mortality in participants with MetS persisted after various strategies for multiple covariates adjustment. These findings confirmed that the association of serum LDH level with mortality was observed in patients with MetS, with 19% higher hazard for all-cause mortality. Systemic inflammatory indicators, including serum levels of CRP and LDH, may be a useful clinical prognostic indicator for survival and predicts the response for management in patients with specific disease. In a prior study of 213 patients with diffuse large B cell lymphoma receiving chemotherapy, high serum LDH level and systemic inflammation score were poor prognostic factors for overall survival.
14 Moreover, Castelli et al 15 found that in elderly individuals with pulmonary embolism, serum LDH level was a good predictor of short-term mortality due to the applicability and simpleness for routine use based on common clinical practice. In a recently published study conducted by Okur et al, 16 concerning the clinical and laboratory features of those with respiratory failure and pneumonia caused by H1N1 influenza A virus, mortality was demonstrated to be significantly associated with an elevated serum LDH level. Similar inter-relations were observed from overall survival in patients with metastatic renal cell carcinoma, 17 diagnosis of acute respiratory distress syndrome in the population at risk, 18 early mortality in peritonitis-induced sepsis 19 and mortality in postinfarction myocardial rupture. 20 These findings tend to indicate that serum LDH has significant prognostic value for clinical practice and our results strongly confirm another potential prediction of mortality in patients with MetS.
A variety of factors were associated with increased risk of MetS, including obesity, a sedentary lifestyle, insulin resistance and consumption of soft drinks. 21 MetS was a condition of chronic low-grade inflammation as a consequence of complex interplay between genetic and environmental factors. 22 Inflammation might be another potential explanation for the associations of elevated serum LDH with mortality in those with MetS. Several prior studies showed a clear and strong relationship between elevated levels of CRP and increased components of MetS, which linked with a greater chance of future CVD events. 22 23 Furthermore, it had been showed that CRP levels may represent as an independent predictor for poor clinical outcomes in MetS. 23 The paper in Drent et al 24 provided the latent utility of serum LDH as an inflammation biomarker in a large number of pulmonary diseases. There was a moderate positive correlation between CRP and LDH isoenzymes in those with chronic inflammatory disease, such as chronic obstructive pulmonary disease. 25 These observations provided strong evidence that serum LDH was closely associated with inflammation. In our study, LDH may be as a systemic inflammatory marker and the association of mortality with serum LDH remained significant after statistical adjustment for CRP. Our results provide that the persistence of the serum LDH-mortality relationship after multiple covariates adjustment indicates that serum LDH can be viewed as a significant clinical biomarker that is positively associated with increased mortality in patients with MetS. However, there were several potential limitations in this study. First, serum LDH was collected at only one point during the follow-up period, which contributed to the biased results. Second, our study was a retrospective, observational analysis of an existing database that limited causal inferences. Third, residual confounding due to unmeasured confounders of the associations of serum LDH with mortality cannot be ruled out. Finally, owing to the unavailable isoforms of LDH, we failed to draw inferences on whether the diversity of LDH was associated with increased survival or mortality.
In conclusion, the results of this study signify that in the US general population with MetS, higher serum LDH levels substantially increased the risk of all-cause mortality. Further studies should therefore determine the molecular mechanism of the causal pathways involved in the correlation of elevated serum LDH levels with mortality. 
